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The selfconsistent theory of ion diffusive shock acceleration and the associated generation of Alfve´n waves
are presented. The wave intensity satisfies a wave kinetic equation and the ion distribution function satisfies
the diffusive transport equation. These quasilinear non-stationary equations are solved numerically for a given
speed of the shock, traveling through the inner heliosphere.
1. Introduction
Numerous measurements accomplished in interplanetary space indicate that intensive acceleration processes
take place in the vicinity of interplanetary shock fronts. Some aspects of energetic particle generation and the
associated generation of Alfve´n waves can be understand in the frame of simplified plane-wave approach of
the diffusive shock acceleration theory [1].
At the same time one can expect that the geometrical factors (finite, increase shock size, adiabatic cooling
in the expanding solar wind) can essentially influences the acceleration [2] . Nonstationary character of the
interplanetary shocks essentially influences also Alfve´n wave generation by the accelerated particles due to
so-called overacceleration effect [3].
In this paper we study the acceleration of solar wind protons by interplanetary shocks with an account of
geometrical and adiabatic factors. We adopt here Alfve´n wave grows rate according to Gordon et al. [4], which
differs from that one derived by Lee [1] and used in our previous study [2].
2. Model
The front of the interplanetary shock, created during the solar flare, has a complicated nonspherical form.
One can expect that the most effective acceleration takes place at the front part of the shock, where the shock
velocity is the highest and the interplanetary magnetic field (IMF) has a small angle with the shock normal in
the inner heliosphere ( 

AU). This part of the shock will be considered as a part of the sphere of radius

which increases in time with the constant speed 

	
. We assume that IMF  as well as the solar
wind speed  are of the radial direction. As far as the transverse size of the acceleration region  is large
enough ( 

), and fast particles are strongly magnetized ( ﬀﬂﬁﬃﬀ  ), the spherical approximation can be



































where ﬀ;ﬁ<"=ﬀ  ) is the parallel (perpendicular) diffusion coefficient and & is the particle velocity. The last term
in the Eq. (1) effectively describes particle leakage from the acceleration region due to the diffusion across the








We neglected the shock modification by the pressure of accelerated particles. Therefore the shock front is





































@ is the Mach number,
R 





























































[l@ of medium particles [m@ into the acceleration process; & ]k_<a
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is the velocity of injected








. As in the previous








































and S are mass and charge of proton,
R






| is the energy density of Alfve´n waves per logarithm of the
wave number | .























































































is the Alfve´n speed. Note
that wave growth rate (4) is by a factor of 8/3 larger than that one derived by Lee [1]. In addition the particle
diffusion coefficient ﬀﬂﬁp"$&
)
previously [1, 2] was under the integral.
3. Results and discussion
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. We also take into account the acceleration of « -particles assuming that the solar wind plasma
contains 5% of « -particles relative to protons.





















° at the shock front ( 
	
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shown for the several time moments in Fig.1 and Fig.2 respectively. Dashed curves correspond to the linear
approximation, when selfconsistent generation of Alfve´n waves by accelerated particles is not included. One
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Figure 1. The intensity of accelerated protons at the shock
front for four subsequent time moments. Solid (dashed)
lines correspond to the quasilinear (linear) approach. Ar-
rows indicate the proton maximum energy.
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Figure 2. The spectra of Alfv·en waves at the shock front
for the same four time moments as in Fig.1. Solid (dashed)
lines correspond to the quasilinear (linear) approach.
can see that the intensive wave generation (Fig.2) leads to the considerable increase of maximum (cutoff)











































The maximum particle energy ³\´
\µ





AU) is mainly determined by the time










AU maximum energy becomes almost time independent [6, 2].
Efficient Alfve´n wave generation (Fig.2) leads to the considerable decrease of particle diffusion coefficient ﬀoﬁ ,
that in turn provides more rapid particle acceleration. Therefore the maximum energy of accelerated protons
considerably exceeds its value calculated in the linear approach (see Fig.1).







































in agreement with the stedy state
plane wave prediction [4].










! at the shock front 
	Ç
as function of the shock radius








to the increase of the particle maximum energy ³ ´
\µ
. Larger value of ³ ´
\µ
in a quasilinear approach leads to
higher particle pressure compared with the linear case (Fig.3).
















shock front as a function of shock radius


. According to the gydrodynamical approach, which treats the
energetic particle population as a fluid, at a steady state condition energy density of selfgenerating Alfve´n




























is the energy density of IMF at the shock position [7]. It is seen from Fig.4 that numerical
value of wave density goes in a rough agreement with the above relation.
As it is seen from Fig.4, the ratio of the energy density of selfexcited Alfve´n waves to the IMF energy density
















Figure 3. The pressure of accelerated particles as a func-
tion of shock radius. Solid and dashed lines correspond to


















Figure 4. Energy density of selfexcited Alfv·en waves at
the shock front as a function of shock radius (solid lines).
Dashed lines represent the prediction given by Eq.(7).








this ratio is expected
to be even larger for higher injection rate i and/or larger shock speed 

. In such cases the nonlinear interaction
of Alfve´n waves is expected to be relevent.
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